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ABSTRACT

Gas exchange and water relations studies were conducted on five Sonoran Desert plant species. The
seasonal photosynthesis pattern for all species follows the seasonal variation in plant water potential. 0lneya
tesota maintains relatively constant photosynthetic activity during the year. However, Ambrosia deltoidea,
Acacia constricta and Cercidium microphyllum all have periodic seasonal photosynthetic activity occurring
in the fall and winter months. Maximal photosynthetic rates of the tree species, 0. tesota and C.
microphyllum, are less than 16 mg CO,-dm- 2 • hr-•. Maximum photosynthetic rates of the shrub species are 14
mg CO,-dm-'·hr- 1 for A. constricta and 39 mg CO,-dm-•·hr- 1 for A. deltoidea. The deep-rooted tree
species maintain plant water potentials within a 20-30 bar range throughout the year. The shrubs, however,
experienced a considerably greater seasonal range of plant water potentials, i.e., 90 bars for A. deltoidea
plants. Seasonal stomata! conductance values indicate that the evergreen species, 0. tesota and Simmondsia
chinensis, maintain a greater degree of stomata! control for gas exchange than do the deciduous species, A.
deltoidea and A. constricta. An exception to this is C. microphyllum, which has the lowest seasonal stomata!
conductance and is deciduous much of the year. The water-use efficiency for all plants except A. constricta is
relatively high. High water-use efficiency resulted from high photosynthetic rates and high stomata!
conductance on one extreme, to low photosynthetic rates and low stomata! conductance on the other
extreme. Leaves are the major photosynthetic organs on plants of A. deltoidea and 0. tesota, but stems are
the major source of relative annual carbon gain for C. microphyllum plants.

INTRODUCTION

US/IBP Desert Biome studies have provided extensive
information on plant biomass, net primary productivity and
the variability of vegetation production between and within
North American desert regions. Plant process studies dealing
with gas exchange parameters have been conducted for the
major dominant plants at each validation site, in order to
elucidate mechanisms associated with production potential.
The objective of these studies has been to integrate diurnal
and seasonal abiotic environmental variations, photosynthetic carbon assimilation and seasonal carbon balance
contributing to biomass and primary productivity.
Desert perennials (cacti, grasses, shrubs and trees)
account for a significant portion of the biomass and net
primary productivity for each of the four North American
desert types. Gas exchange studies on dominant perennial
plants in the Chihuahuan, Great Basin and Mohave deserts
were noted in the 1975 progress report (Szarek and
Woodhouse 1976b), as was the paucity of similar work in
the Sonoran Desert. This paper reports the plant water
relations and gas-exchange patterns on dominant woody
plants of the Silverbell Validation Site. These plants include
Ambrosia deltoidea (a drought-deciduous shrub); 0lneya
tesota (a deep-rooted, evergreen tree lacking chlorophyllous
stems); Cercidium microphyllum (a deep-rooted, droughtdeciduous tree with photosynthetically active chlorophyllous stems); Acacia constricta (a cold-deciduous shrub); and
Simmondsia chinensis (abroad-leaf
evergreen shrub).Our
research efforts in 1975 were concerned primarily with A.
deltoidea and 0. tesota (Szarek and Woodhouse 1976a,
in press). Research on these plants continued in 1976.
In addition, our research effort in 1976 emphasized the
ecophysiology of Acacia constricta, Cercidium microphyllum and Simmondsia chinensis. This memorandum reports
the research completed on all five species during 1976.

OBJECTIVES

1.

2.

3.

To measure, monthly throughout 1976, the dawn-todusk gas exchange for 0lneya tesota, Cercidium microphyllum, Ambrosia deltoidea, Simmondsia chinensis
and Acacia constricta. Photosynthetic and transpiration
patterns will be monitored for three of these plants
during one day of field work and will be monitored
for the two remaining plant species during a second
day of field work.
To measure the following abiotic components - bimonthly: soil temperature at 30 and 60 cm; soil water
potential at 30 and 60 cm; hourly measurements of
air temperature; atmospheric vapor pressure; and
solar radiation.
To measure the following biological components bimonthly: xylem pressure potentials of each plant species
concurrently being monitored for gas-exchange patterns.

Some of the original objectives proposed in our 1976 work
statement were not completed, including the monthly
measurements of gas exchange and of xylem water
potentials, which were terminated in September 1976 on A.
deltoidea and 0. tesota. Midyear examination of funds
indicated that bimonthly trips to the field would exhaust the
budgeted financial support before the end of the year. A full
year of data has been collected for A. deltoidea and 0.
tesota and emphasis was concentrated on obtaining a full
year of data for the other species involved in the study.
METHODS

The research methods are listed below according to the
two data sets indicated for the 1976 study period: 1)
A3USZ01 -- Environmental Analysis; 2) A3USZ02 -- Gas
Exchange.
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ENVIRONMENTAL

ANALYSIS

Air Temperature
The temperature of the air was measured with a portable,
battery-powered thermistor psychrometer (Atkins). The air
temperature was measured at a height of 2 m.

Relative Humidity
The atmospheric water vapor concentration
was
measured with a portable, battery-powered thermistor
psychrometer (Atkins). This instrument has a ventilated,
shielded set of thermistors. The wet-bulb and dry-bulb
temperatures were determined at a height of 2 m.

Soil Water Potential
The soil water potential was measured in situ with the
thermocouple psychrometer technique. Soil psychrometer
probes (Wescor, Inc.) were positioned horizontally at soil
depths of 30 and 60 cm. The soil water potential was
measured directly with a Dewpoint Microvoltmeter
(Wescor, Inc.).
One set of probes was positioned in a vegetated area
which did not receive additional water from horizontal
drainage (open site). A second set of probes was positioned
in a channel area which received additional water from
horizontal drainage or runoff (vegetated site). The two sites
were selected to represent contrasting soil water profiles in a
vegetated area.

Solar Radiation
The solar radiation was measured directly with a
pyranometer (Eppley). The pyranometer was positioned
horizontally to the ground at a height of 2 m. Since the
instrument measures total solar radiation by the radiometric
technique, the pyranometer voltage was measured with a
portable, battery-powered,
temperature
potentiometer
(Leeds and Northrup).
GAS EXCHANGE

Leaf Temperature
The temperature of leaves was measured directly by the
infrared thermometry technique (Barnes Engin.). A set of
leaves which would be used for subsequent gas exchange
studies was sampled to determine the mean leaf temperature
for each hourly sampling interval.

Diffusion Resistance
The diffusion • resistance of individual leaves was
measured directly with a nonventilated diffusion porometer
(Ennis and Assoc.). The diffusion resistance was measured
by recording the time required to change the water vapor
concentration within the porometer sensor, between two
predetermined concentrations. The transpiration rate was
calculated by assuming the water vapor concentration
within the leaf was saturated
at the leaf surface
temperature, and using the water vapor concentration of
the air determined with the thermistor psychrometer. The
transpiration rates were calculated from one side of the leaf
for A. constricta, A. deltoidea and 0. tesota and for both
sides of the leaf for C. microphyllum.

Process Studies

Stomata/ Conductance and Water-Use Efficiency
Both gas-exchange parameters were determined from
mean hourly measurements conducted from September
1975 through August 1976 for A. deltoidea and 0. tesota.
Measurements on C. microphyllum, A. constricta and S.
chinensis were similarly conducted between January 1976
and December 1976. Each hourly mean value (n) was
determined from five replicate samples for all species,
whenever the rate of photosynthesis was ~ 5 mg
CO,dm- 2 • hr- 1 . This rate of CO, assimilation was selected as
representative of a minimum level of gross photosynthetic
activity. The water-use efficiency values were calculated as
the reciprocal of the transpiration ratio and stomata!
conductance was calculated as the reciprocal of the stomata!
diffusion resistance.

"CO 2 -Photosynthesis
Photosynthetic rates were measured by short-time
exposures to radioactive "CO,, following the experimental
procedure of Shimshi (1969). Once samples were incubated
with "CO, and removed from the intact plant, they were
immediately placed on dry ice (solid CO,) and stored in this
manner until returned to the laboratory. The leaf tissue was
oven-dried at 100 C for 24 hr. The dried material was
combusted in an oxygen atmosphere by an in-vial
combustion technique following the procedure of Tieszen et
al. (1974). The combustion efficiency was determined to be
80 % . Photosynthetic rates are assumed to represent gross
CO, assimilation since the length of time between exposure
to "CO, and storage on dry ice did not exceed 45-60 sec.
The radioactivity in the leaf sample was determined by
liquid scintillation techniques, and the counting efficiency
determined by the internal standard technique. The
photosynthesis rates were calculated for one side of the leaf
for A. deltoidea and 0. tesota and for both sides of the leaf
for A. constricta, C. microphyllum and S. chinensis.

Plant Water Potential
The plant water potential (xylem pressure potential) was
measured directly with a Scholander-type pressure bomb.
Terminal portions of stems were selected from plants used
concurrently for the gas exchange studies. Terminal portions
of stems were selected on the sun-exposed sides of each
plant.

RESULTS
PRECIPITATION

The Usery Mountain study area was described previously
(Szarek and Woodhouse 19766). Monthly mean temperatures were characteristic of a hot desert habitat, with
summer day temperatures occasionally in excess of 40 C and
few winter nighttime temperatures below freezing.
The long-term precipitation
regime (A3USZ01) is
characterized by a biseasonal pattern of rainfall. Dry
conditions prevailed from April to June and rainfall was
reduced during the months of February and November.
Precipitation during the previous year appears as a
triseasonal pattern of rain and drought conditions. The
periods of rainfall were mid-February through mid-April,
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July and early September, and late November and
December as partially shown in Figure lA. Rainfall events
in 1976 occurred primarily during February, April through
early May and mid-July through September, which appears
to follow the long-term bimodal pattern of the Sonoran
Desert more closely than did the 1975 precipitation (Fig.
2A).
Soil Water Potential
The annual pattern of average soil water potentials
(A3USZ01) at 30- and 60-cm depths is presented for 1976 in
Figure 2A and partially for 1975 in Figure lA. The data
were selected as representative of the soil water status within
the major rooting zones of the investigated plants (Thames
et al. 1974).
Water potential decreased from moderate levels at both
soil depths in early September to the maximum values in
November when precipitation recharged the soil with water
(Fig. IA). In 1976, soil water potentials decreased radically
after the cessation of rain early in May and remained very
low throughout the summer. Minimal soil water potentials
were below -80 bars at both the 30- and 60-cm depths
throughout most of the summer, from mid-June through
September. Late September rainfall substantially recharged
the soil with water in October, though not equal to
February
values. Potentials during November and
Decemb~r started to decline as rain events in these months
were not intense or of long duration. Soil water potentials
declined slightly in late March and early April because of
lack of precipitation during that period. Potentials also
increased some during the summer in response to a
substantial late July rainfall, but declined rapidly due to
high soil and air temperatures.
Plant Water Potential
The pattern of relatively constant plant water potentials
(A3USZ02) for the two tree species, C. microphyllum and
0. tesota, reported for 1975 continued in 1976 (Figs. 1B and
2B). A characteristic large annual variation for A. deltoidea
occurred in 1975 and 1976 (Fig. lB). Potentials for A.
constricta and S. chinensis in 1976 fall into a pattern similar
to A. deltoidea potentials (Fig. 2B). All three shrub species
respond rapidly to increased soil water potentials following
rain events. A. deltoidea water potentials increased rapidly
following November and December 1976 and June 1976
rains while both A. constricta and S. chinensis showed a
simil~r response to June and August 1976 rains. A. deltoidea
plant water potentials ranged between -6 to -98 bars, A.
constricta varied between -5 to -48 bars and S. chinensis
between - 7 to -68 bars during the entire study period.
The variability of water potential in A. deltotdea and S.
chinensis is similar in magnitude to the results of Al-Ani
et al. (1972) and Halvorson and Patten (1974). The variability exhibited by A. constricta is similar to potentials
observed in other Acacia species (Tunstall and Connor
1975). The lower variability of the tree species resembles the
_results of Klikoff (1967) and Halvorson and Patten (1974).
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PHENOLOGY

The annual phenological patterns are presented in
Figures IC, lD, 2C, 2D and 2E. All of the plants have a
period of reduced foliar biomass or are deciduous during
part of the year. The reproductive stage of all the species
except S. chinensis is limited to the months of March
through July. S. chinensis flowered from January through
March and set fruit in late March and early April. A.
constricta never set fruit during the study period and
flowered briefly a second time in late October. Generally
the reproductive stage of all the species occurs when the
plant water potentials are in the range of -20 to -30 bars.
However, S. chinensis flower development occurred over a
water potential range of -8 to -24 bars in January and
February 1976 from flower primordia persisting from a
much earlier date. Flower primordia on S. chinensis were
also initiated in early July when the shrub experienced a
plant water potential of -50 bars. These later primordia
were arrested in development and did not complete
maturation until after the study period expired. C.
microphyllum plants did not develop flowers at any time
during the course of the study.
Plants of A. deltoidea were continuously in leaf during the
months from January to May 1975. Some leaves persisted on
the plants during the early summer drought period,
becoming completely deciduous by mid-June 1975.
Following the July rains and increased water potentials, leaf
production is initiated (Fig. lD). These leaves are
short-lived and gradually are shed until the plants are
completely deciduous again by mid-November. Leaf
production occurred a second time in 1975 following the
winter rains. This second flush of leaves persisted until
early May 1976 when declining soil water potentials
induced leaf drop. Plants of C. microphyllum were
essentially deciduous throughout 1975. Leaf initiation and
development occurred in June and again in late July 1976.
These leaves persisted for the remainder of the study period
(Fig. 2C).
Plants of 0. tesota experienced a brief period of leaf
shedding in May through July 1976 (Fig. lC). Initiation of
leaf loss is not apparently directly regulated by water stress
since leaf loss occurred during a period of increased plant
water potentials.
Plants of A. constricta were in a deciduous state until
late March when increasingly moderate temperatures and a
low plant water potential (-14 bars; Fig. 2D) apparently
initiated leaf development. These leaves persisted despite
plant water potentials that reached -48 bars at one point
(Fig. 2B).
S. chinensis is an evergreen plant and was foliated
throughout the study. A period of leaf drop occurred in
February through April 1976 (Fig. 2E), concurrent with
new leaf development. The overall total leaf biomass
appeared to remain constant.
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PHOTOSYNTHESIS

The patterns of photosynthesis rate (A3USZ02) for A.
deltoidea and 0. tesota during the interval from September
1975 to August 1976 are presented in Figures IC and ID.
Photosynthetic patterns for C. microphyllum, A. constrfota
and S. chinensis for the period of January through
December 1976 are presented in Figures 2C, 2D and 2E.
The seasonal pattern of photosynthesis for plants of 0.
tesota (Fig. IC) followed the seasonal variation in plant
water potential (Fig. lB). Photosynthesis rates were
relatively low throughout much of the year, with da,y-long
mean values rarely in excess of 12 mg CO,·dm·•·hr·•.
There was a slight increase in carbon assimilation from
December through April, coincident with near optimal
water status in upper soil • layers. The highest rate of
day-long photosysthesis occurred in late April, cor•
responding with the occurrence of flowering, the initiation
of fruit development and partial leaf shedding. Day-long
mean ph~tosynthesis was maintained
near 10 mg
CO'·dm· 2 ·hr· 1 during July and August despite the high
leaf and air temperatures which occurred during these
months.
The seasonal pattern of photosynthesis for plants of A.
deltoidea (Fig. ID) was comparatively more variable,
following the seasonal variation in plant water potential for
this species (Fig. lB). Day-long mean photosynthesis rates
were near 5 mg CO,-dm· 2 ·hr· 1 during the period of leaf
shedding at the beginning of the study, althuug!t
photosynthetic activity terminated
in early October,
concurrent with virtual deciduousness. A dramatic increase
in photosynthetic
rates occurred concurrently
with
refoliation of plants following the initiation of winter rains.
This shrub species, contrary to the evergreen tree species, O.
tesota, is mainly winter active as photosynthesis rates
reached a maximum of 38 mg CO,·dm·•·hr·•
in late
December. High photosynthetic activity persisted through.
out the entire period of near optimal water availability in
the upper soil horizons. Photosynthetic rates began to
decline in March, corresponding to the period of maximum
flowering and decreasing plant water potential.
A
characteristic early summer dry period began in late May
and photosynthesis rates decreased as leaf shedding
progressed. Seasonal carbon assimilation terminated in June
when plant water potential was continuously below -50
bars and the plants were totally deciduous.
The seasonal photosynthetic rates of the drought.
deciduous tree, C. microphyl_lum (Fig. 2C), was less
variable than the photosynthesis of the evergreen, 0. tesota,
having distinct periods of high day-long photosynthetic rates
in the spring and fall. Like A. deltoidea and O. tesota,
Cercidium seasonal photosynthesis is coupled to the plant
water potentials experienced by the plant. Maximal
photosynthetic rates in the spring (14 mg CO,-dm·•·hr·')
occurred at plant water potentials of -8 and -11 bars
respectively.
'
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Photosynthetic rates drop sharply in April, concurrent
with decreasing plant water potentials. The lowest day-long
mean photosynthesis occurred in May (0.6 mg CO,-dm·•·
he') coinciding with a plant water potential of -19 bars.
Day-long mean photosynthesis jumped to 6.2 mg
CO,-dm· 2 ·hr· 1 in June, despite lower water potentials (-22
bars) and may be attributed to the use of newly developed
leaves occurring then in the determination of photosynthetic
rates. The very low photosynthetic rates observed in July
occurred at the lowest plant water potential experienced by
the plant (-28 bars) during the course of the study. The
photosynthetic pattern for the rest of the year appears to
follow plant water potential rather closely.
Measurements of day-long mean photosynthesis for
Acacia constricta began in April when the shrub refoliated
(Fig. 2D). The photosynthetic rates vary throughout the
year from 2.3 mg CO,dm· 2 ·hr· 1 to 16.1 mg CO'·
9m· 2 ·hr· 1 and, like the other plants examined, follow
the pattern for plant water potential (Figs. 2C and 2B).
Mean photosynthetic rates from April through August
varied from 5.0 to 2.3 mg CO,-dm·'·hr·• as plant water
potentials varied from -14 bars to the annual minimum of
-48 bars. Photosynthesis rates increased to maxima values
in October (16.l mg CO,·dm· 2 ·hr· 1), concurrently with
maximal plant water potentials.
The seasonal photosynthesis pattern for plants of S.
chinensis is presented in Figure 2E. The seasonal pattern
markedly decreased after March 1976 and resulted from a
change in leaf disc combustion methodology. The efficiency
of this technique has yet to be determined, thus requiring a
postponement of our analysis of the seasonal photosynthesis
pattern and absolute values. These data will be modified as
early as possible, and should not be cited prior to the
reanalysis.
SEASONAL

LEAF GAS EXCHANGE

PARAMETERS

The water-use efficiency and stomata! conductance
values of the five species are represented in Tabl~-1 ~ Since
the photosynthesis data for S. chinensis will be reanalyzed,
the corresponding WUE has not been included in this table.
All species are characterized by seasonal stomata!
conductance values lower than the theoretical maxima of
0.5 to 1.0 cm/sec. Moreover, a distinction is apparent
between the evergreen and deciduous species. The
evergreens, 0. tesota and S. chinensis, maintain a greater
degree of stomata! control for gas exchange than do A.
deltoidea and A. constricta. Although C. microphyllum is
deciduous for much of the year, this species has the lowest
seasonal stomata! conductance,
which is probably
important for regulation of its seasonal water balance.
The water-use efficiency shows significant variation
between the four species. At one extreme, plants of C.
microphyllum
are characterized by a low stomata!
conductance affecting a high water-use efficiency, despite a
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Table 1. Seasonal leaf gas exchange parameters'
Water

Species

use

Efficiency

Table 2. Relative annual carbon gain of the different
plant organs'

Stomatal
Conductance

Plant

Acacia constricta
n = 124
Ambrosia

deltoidea

4.3 t 0.6
11.2 t 3.9

t 1.2

9.2 t 2.6

Leaf

Stem

%

%

microphyllum

20.9

t 3.5

Fruit
%

!:,.

deltoidea

87

4

0.8

£.

microQh:t l lum

16

72

l2

6.5 t 2.3

Q.

tesota

8l

LS

4

n = 289
Cercidium

Organs

Species

8.1

4.4 :

Flower
%

9

n = 79

Olneya ~
n = 230

L0.7 t 6.8

Simmondsia chinensis
n = 103

5. l

! 0.8

l l'he relative
carbon gain ...,as c:alc:ul."lled Crom the seasonal
mean
photosynthesis
rntes
(Szarek
and Woodhouse 197bb, Table 6) and dur;ition
of presence
rrom April
through December 1975.

1 The water use efficiency
values
are e~pressed
as (mg COz
assimilated
per mg tt 2o transpired)
x 10 . The st~tal
conductance
values are ex.cressed
as (cm per sec) x 10 • Mean
and standard
error
(X - S. E. ) values
are represented
for
both gas exchange
parameters.

low seasonal photosynthesis rate. At the other extreme,
plants of A. deltoidea have the highest stomata!
conductance and seasonal photosynthesis rate, also affecting
an efficient use of water. With the exception of the values
from plants of A. constricta, the efficiency of water use is
relatively high in all species. It should be emphasized these
data are instantaneous rate measurements of gross
photosynthesis and transpiration, and would be expected to
be higher than dry-matter increments determined in
relation to seasonal water loss from evapotranspiration.
PHOTOSYNTHATE

DISTRIBUTION

Photosynthate
distribution
studies were
reported
previously (Szarek and Woodhouse 1976b; A3USZ03) for A.
deltoidea, 0. tesota and C. microphyllum. 'Table ·2 presents
a synthesis of the monthly allocation of photosynthate and
the duration of the individual organs.
The leaf of A. deltoidea is the major site for carbon
assimilation and persisted throughout the April-December
study period. The leaf accounts for 87 % of the carbon
assimilation during this time period. Fruits, when present,
contributed to a significant rate (up to 43%) of the carbon
gain, but were present for only a short period of time during
the study period and contributed only 9 % ·to the annual
carbon gain, Stem tissue contributes little to the annual
carbon balance.
The leaves of 0. tesota are the major photosynthate
source, persisting for virtually the entire period and
contributing 81 % of the relative carbon gain. 0. tesota
stems contributed a somewhat greater amount of carbon
( 15 % ) from short portions of stem adjacent to the petioles
which are characteristically less lignified than other portions
of the stem. Fruits contributed 4 % to the overall carbon
gain, again due to the short duration of these organs. C.
microphyllum contrasts greatly with the first two species.
The leaf was not a major contributor to the overall carbon
gain because of its absence during most of the study period,

contributing only 16 % of the total carbon gain. Stems,
however, were major sites for carbon gain, being
responsible for 72 % of the overall carbon balance. Fruits,
when present, could account for a large rate of carbon gain
but, because of short duration during the study period, contributed only 4 % of the annual carbon gain.
DISCUSSION

Ambrosia deltoidea is a drought-deciduous shrub which
shows significant seasonal responses to precipitation. The
shrub remains in leaf throughout most of the year despite
shedding leaves slowly and continuously as drought
conditions progress. As shown previously by Klikoff (1967)
and Halvorson and Patten (1974), A. deltoidea has a
significant seasonal variation in plant water potential, the
minima and maxima values extending beyond the range of
plant water potentials of any of the other species examined.
In this respect, A. deltoidea is more responsive to
precipitation occurring at any time throughout the year.
Moreover, during periods of high plant water potential, the
maximal stomata! conductances are higher and rates of
photosynthesis higher in this shrub than in any other species
in this study. This photosynthetic capacity of A. deltoidea is
related to the seasonal variation in plant water stress.
Throughout six months of the study period, plant water
potentials were below -40 bars and photosynthesis and
growth were reduced. The drought-deciduous
species
photosynthesize rapidly during the short periods of low
plant water stress, and become physiologically inactive as
plant water stress increases. The adaptive strategy is a
short-lived period of high photosynthesis and carbon
accumulation when foliage is present.
The leaf is the most important organ for carbon fixation
in A. deltoidea and little, if any, carbon gain occurs during
periods of deciduousness. Leaf dimorphism similar to that
found in Gutierrezia sarothrae by DePuit and Caldwell
(1975a) occurs in A. deltoidea. Leaves developing as the plant
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undergoes water stress appear denser and smaller than the
leaves being shed. Finally, there is retention of some foliar
surface area which permits a rapid response to precipitation
and bypasses the time required to refoliate from a totally
deciduous state. The seasonal stomata! conductance for A.
deltoidea is the highest of all the species examined and may
reflect an adaptation to its deciduous nature by allowing for
a greater carbon gain per unit leaf material during
favorable periods. As reported previously for plants of
Gutierrezia sarothrae (DePuit and Caldwell 1975a), leaves
are shed to preven·t excessive loss of water because of less
effective stomata! control. This latter process probably
accounts for the respectable water use efficiency reported
for A. deltoidea.

that period. The work on C. floridum found stem
photosynthesis rates to be comparable to leaf rates on a
unit-area basis, though stem rates were lower on a unit
weight of chlorophyll basis. Adams and Strain (1969)
reported stems accounted for 40% of the total
photosynthetic production per year in C. jloridum. During
periods of drought, the chlorophyllous stems of C.
microphyllum,
like C. floridum,
probably maintain
photosynthetic activity which is essential in supplementing
the annual carbon balance for this desert tree. It is difficult
to see an additional adaptive significance to the deciduous
nature of C. microphyllum since the virtually nondeciduous
plants of 0. tesota have similar geographic distributions
throughout the Sonoran Desert (Hastings et al. 1972).

Cercidium microphyllum
and 0lneya
tesota are
deep-rooted trees and are not as physiologically responsive
to precipitation events as A. deltoidea (Klikoff 1967;
Halvorson and Patten 1974). The trees do not show an
extreme seasonal variation in plant water potentials, which
range only 20 to 25 bars. The year-round maintenance of
low-to-moderate plant water stress is due to a more
extensive rooting system and permits continuous photosynthesis and growth throughout the year. The low photosynthesis rates of 0. tesota are characteristic of the photosynthetic capacities of evergreen plants which have a long
seasonal duration of foliage and must expend energy for a
certain degree of drought tolerance for the gain of potential
year-round production (Mooney and Dunn 1970).

Acacia constricta has a seasonal mean photosynthetic
pattern similar to A. deltoidea and C. microphyllum, where
the main period of carbon gain occurs during the wetter
part of the year. Photosynthetic studies in similar
environments have been conducted on other species of
Acacia. Strain (1969), working in California on A. greggii,
and van den Driessche et al. (1971), working on A. harpophylla in Australia, observed photosynthetic rates similar to
those reported here (16 mg CO,dm- 2 ·hr- 1). However,
Hellmuth (1967), working on A. craspedocarpa in Africa,
observed maximal photosynthesis rates of only about 2 mg
CO,dm-•· hr- 1 •

0. tesota has a lower seasonal stomata! conductance than
does A. deltoidea, but coupled with generally lower
photosynthetic rates, the water-use efficiency is comparable
to the shrub. The seasonal differences in stomata!
conductance suggest that 0. tesota minimizes the rate of gas
exchange which may be an adaptation important to its virtual evergreen nature. 0. tesota leaves, like A. deltoidea
leaves, are major photosynthetic organs, accounting for a
major portion of relative annual carbon gain. Young stems,
as noted by Turner (1963), are photosynthetically active and
contribute 15 % to the relative annual carbon gain.
Plants of C. microphyllum are more responsive to the arid
conditions than 0. tesota and can be deciduous throughout
much of the year (Turner 1963; Klikoff 1967). When
present, leaves of C. microphyllum exhibit relatively high
photosynthetic rates and appear, like A. deltoidea, to
confine their greatest activity to the spring and fall, while
0. tesota photosynthesizes throughout the year. C.
microphyllum, in contrast to the other species studied, has
chlorophyllous stems which can contribute significantly to
the relative annual carbon gain (Table 2). Cannon (1908)
and Fahn (1964) noted the presence of chlorophyll in the
stems of many desert species, and work on the contribution
of stem photosynthesis to overall carbon balance has been
investigated in several species. Xerophytic species examined
include Fouquieria splendens (Mooney and Strain 1964),
Cercidiumfloridum (Adams et al. 1967; Adams and Strain
1968, 1969) and Gutierrezia sarothrae (DePuit and
"Caldwell 1975b). Research on F. splendens during a
deciduous state found no evidence of CO, absorption during

The ability to maintain photosynthesis at low plant water
potentials (-50 bars) was observed in both A. constricta
(Fig. 2D) and A. harpophylla (van den Driessche et al. 1971;
·Tunstall and Connor 1975) are also quite similar, ranging
from -5
bars to about -60
bars. The stomata!
conductance for A. constricta may indicate a certain
amount of stomata! control, though less than 0. tesota and
·more than A. deltoidea. Tunstall and Connor (1975) and
van den Driesscheet al. (1971) indicate that stomata! control
of gas exchange is a dominating factor in A. harpophylla
photosynthesis.
The water use efficiency is fairly low compared to the
other species examined. A. constricta maintains a large leaf
area and continues photosynthesis through the summer,
probably at great expense in water loss.
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